Introduction
Although it was pointed out about 10 years ago [I, 21 that an atomic decay rate might decrease as the intensity of a high-frequency laser field increases, there still does not exist any complete understanding of either the physical origin of this interesting nonlinear phenomenon or its dependence on the atomic and field parameters. Essentially, the problem consists in that the phenomenon requires a rna,jor modification of the standard picture of photoeffect in a strong laser field. In Ref.
[I] the origin of this stabilization is related to a particular distortion of an atomic potential by an intense monochromatic high-frequency field. This phenomenon is called adiabatic or quasistationary stabilization (QS). For the case of Rydberg levels, another (interference) mechanism of QS was suggested [2] . Both theories predict an unlimited decrease of the decay rate (or of the width I' of an atomic level, i.e., of the imaginary part of the complex quasienergy, E = Re E -ir/2)) as the laser field amplitude increases. In recent years the idea of "dynamic stabilization" (DS) [3] has become popular. It originates from the pulse form of a laser field rather than from any intrinsic property of the atom in a strong monochromatic field. Within this model the numerous simulations point also to the possibility of a breakdown of stabilization for the case of superintense short laser pulses [4] . However, a recent paper [5] , using the quasistationary quasienergy states (QQES) as an adiabatic basis for the laser pulse has shown that DS has the same (quasistationary) origin as QS. Finally, a number of authors deny the existence of stabilization, in particular, of QS for ionization froni a short-range potential [6] (see also [7] ) and of DS in pulsed fields 181. Obviously, these controversies and ambiguities are caused by the complexity of the numerical solution of the Caucliy problem for the time-dependent Schrodinger equation in a strong field and by the absence of analyses for exactly solvable analytical models. We analyze below (see also [9] ) the exactly solvable problern of an electron in a three-dimensional, short-range potential and consider the two questions: does a QS-like behavior of the decay rate exist for this model, and, if so, is there an upper intensity lirnit of the QS regime?
Basic equations a n d numerical results
We consider the quasistationary decay of a bound state in a monochrorrlatic laser field with electric vector -l" {cos wt, 7 siriwt, 01, -1 5 7 5 +1, and intensity I = cF"87r based on the QQES approach [lo] for the exactly solvable rriodel of a 3-dimensional, short-range (6 -) potential having one bound state with energy Eo. In this model, the complex quasienergy E is the eigerivalue of a one-dimensional integral equation for the periodic (in tirne) f~inction y,(r = wt), which determines the asymptotic behavior of For the case of circular polarizatio~l of F ( t ) (i.e., 7 = f 1), ( p , (~) In Fig. 1 we present our numerical results for F ( F ) at a scaled frequency w = 1.55, which corresponds to the Nd:YAG laser frequency for the case of the H--ion (with lEol = 0.752 eV). One sees that for not too high (but nonperturbative) F up to F = F,,, F ( F ) demonstrates the typical QS-behavior (cf. Fig. 4 for the H-atom in [16] ). The decrease of r(F) in the QS dornain is rnore pronounced for the case of linear polarization. In contrast with QS-calcnlat,ions for t,he Colilomb potential, Fig. 1 shows a sharp breakdown of QS (i.e., a sharp rise of r ( F ) ) beginning at a critical field, F = F,,, which does not depend on the polarization (see Eq. (4) below). Fig. 2 gives the w-clependence of F ( F ) for frequencies w > 1 for the case of circular polarization. Bot,li the size of the interval of QS (in F) and the magnitude of the decay rate I? in the QS regime increase with increasing w. Moreover, we find that at fixed F, for F 5 F,:,., r ( w ) is approximated by the power law, r ( w ) w" with a z 3.92. This result is in reasonable agreement with the value a = 4 given by the high-frequency theory of QS for a circularly-polarized field [I] .
Concerning the breakdown of QS we note firstly that near the point F = F,, there is a narrow interval of fields, F 5 F,,, in which the width r exhibits an irregular behavior (see Fig. 2 ). An exact numerical calculation of in this interval is difficult. For a Inore thorough analysis of r at F -F,,. we performed nonperturbative calculations of partial widths, r(n)(F), corresponding to the absorption of a fixed number, rs, of photons. Since 
where L is the orbital angular ~norrienturn operator. We take into ac.c~~l~nt the operator W L , ~ising perturbation theory (PT) in a basis of quasistationary states of an electron in the S-potential, U(r) = 4~S(r)(i3/ar.)r, and in a, static field F. ( For P T for quasistationary states see, e.g., [17] , and for ;I convenient form for the Green's function of our problern in terms of regular and irregular Airy fiinctions, Ai(s.) and Bi(x), as well as for techniques for P T calculations to second order, see [18] .) Tlle result for e (taking into account corrections of order w2) is:
where E is the exact (complex) energy of the quasistationary state in a static field I?. E is determined as the root of the transceridental equation:
where ,T(x) = Ai'(z)Cil(x) -xAi(x)Ci(:c); Ci(x) = Bi(z) + iAi(x); I(:x;) = Ai(x)Ci(x); 1 (~) ( 2 ) = d41(z)/dx4. (For an analysis of the function E = E ( F ) , see [18] .) Eqs. ( 5 ) arid (6) (lo riot assume tliat F is small. Thus the known properties of the Airy fiinctions allow a siriiple analysis of tlie applicability of P T in tlie operator WL, (i.e., for the conditions under which tlie correction of order w2 in Eq. ( 5 ) is srriall compared to E) for the lir~iiting cases of wc.ak and strong F . I11 tlie weak-field limit, F << 1, we obtain from Eqs. (5) and (6):
As may be seen frorn Eq. (7), a PT-account of WL, in weak fields is possible only for s~riall w (w" FF" << I), so that the frequency correction to the tunnelling pre-exponential factor is small. The Stark-shift, R.e e+ 1, given by Eq. (7) coincides exactly with tlie first two terms of the w-expansio~i for the known dynamic polarizability arid hyperpolarizability of a weakly-bound particle [19] . The inapplicability of Eq. (7) for w > 1 is evident already from the lcnowri fact that for weak fields arid above-threshold frequencies the level width has the forrn of a power series in F . In particular, in tlie lowest P T order in F (for an arbitrary polarization), Finally, we note that Irne in Eq. (7) interesting that tliis condition is the reverse of tliat for the convergence of the standard P T in F for the corrlplex quasienergy [20]: A = F~W " < 1.) Althoiigh the asynlptotic expansion of the energy E in a static field, which was used in the derivation of (lo), is valid only for ultrastrong fields (F >> 10) [18] , the result (10) is noteworthy since it shows analytically the breakdown of QS in ultrastrorig fields.
Concerning the applicability of the approximate result (5), we note that for w < 1 it agrees well with the exact result (cf. Eq. (2)) both for 1noder;tte and strong fields. Fig. 3 sllows that the exact curve for r ( F ) at w = 0.74 and that calclilated using Eq. (5) are alniost indistinguishable for F 2 0.5. Moreover, the weak-field (tunnelling) approximation, Ey. (7), is not applicable in this region of F, wllich corresponds to "overbarrier" ionization for tlie c:ase of an atornic potential. It is interesting that, beginning from F z 1, the width exhibits actually a linear dependence on F sirnilar to the so-c;~lle(I "intermediate" asymptotic for r(F) for overbarrier decay in it Coulornb potential [21] . In other words, for w < 1 tlie action of a strong circularly-polarized field is equivalent to the action of a strong static: field F, and it is reasonably described by the analytic result (5).
For w > 1 P T in WL, is app1ic:able only for ~lltrastrong fields. Thus results for the domain of stabilization and for F > F,, may be obta.ined only numerically. In Fig. 4 we compare tlie strong-field asy~nptote, from Eq. ( l o ) , with the exact (nu~nerical) result for w = 1.55. Although the range of F considered is riot enough to achieve close coincidence of the solid and dashed -curves, the agreement inlproves as F increases. Fig. 4 demonstrates also thresholtl peculiarities for higher ATI-channels with rr, > 1, although these peculiarities are sniootlled out cor~ipared with n = 1 (see also [13, 141) . Oiir detailed calculatioris show that, for linear polarization, high-order threshold pec~iliarities are rriore pronounced than for circular polarization (see also [15] ). Moreover, tlie stabilization-like regime (up to the closure of the direct photoionization channel) presented in Fig. 1 for 1 = 1 exists also for w < 1, although both the interval of QS (in F) arid the variation of I ' in this interval decrease rapidly with decreasing w.
Discussion and conclusions
Nii~nerical arid analytical analyses allow one to understand tlie rnajor peculiarities of tlie quasistationary decay of a weakly-bound l e v~l for varioiis relations arnong the key parameters, IEol, w , and F . Since (in contrast to the case of a static field) F = 0 is the point of analyticity for the function (7) and tlle dashed curve in Fig.1 ). It has been analyzed in detail for arbitrary y [22] . For higher F (and s111all w) the tiinnelling regime rnerges into the "overbarrier" regi~ne (the solid curve in Fig. 3 ), which exists up to the passing of the quasistationary level into continuurn.
For w > 1 tlle tiecay 111ec11anism is rn~iltiphotonic even for fields at which the first nonvanishing PT-result (see Eq. (8) here, and only the passing of the bolind level into the co~ltinuurrl may lead to the breakdown of QS. But detailed analysis of this interesting question on the breakdown of QS for the Coulornb potential has riot yet bee11 performed. I11 conclusion, oiir arlalysis demonstrates the existe~lce of a QS regi111e for a weakly-bound particle at above-threshold frequencies, but only for a limited interval of laser intensities, whose upper limit, F,, , is estimated analytically. The 6-model poteritial describes photoprocesses in negative ions reasonably, especially for H-. Fig. 1 shows that (using the Nd:YAG laser) the observation of QS for H-is possible at F 1 (I z 3 x 1 0~' W/crn". Since tlie lifetinle of H-in such a field is small, r -l/l? -10 fs, stabilization may be observable using femtoseco~ld pulses.
